alkaline and turbid with phosphates, but the reaction for diacetic acid was not found to be negative till July 7, nor that for acetone till July 8. The reaction with Fehling's solution had never again been found to be at all positive. There was no vomiting after July 4; on July 6 the child was sitting up in bed, looking quite happy and well again, and on July 13 she was taken to her own home.
She was, however, readmitted to hospital on August 6, in a somewhat drowsy state, as on the last occasion; temperature 970 F., pulse 96, respiration 24 per minute. The attack was stated to have commenced on August 4 with lassitude and sleepiness, vomiting having first occurred at 5 a.m. on August 6 (about five hours before admission). At 11 a.m. (that is to say, about six hours after the commencement of-the vomiting) the urine was found to give a negative Gerhardt's reaction for diacetic acid; Legal's reaction for acetone was likewise negative, but Rothera's reaction for acetone was faintly positive. In the afternoon treatment by sodium bicarbonate was commenced. In the evening the urine (weakly acid, of specific gravity 1026, and free from albumin and sugar) gave positive Gerhardt's and Legal's reactions. On August 7 the urine was slightly alkaline and turbid with phosphates, but gave positive reactions for acetone (Legal's) and diacetic acid (Gerhardt's). There was no vomiting after August 6, and on the afternoon of August 7 the child seemed happy and quite well again. But in spite of the urine being neutral or slightly alkaline (and turbid with phosphates) Gerhardt's and Legal's reactions were both positive on August 8. On the morning of the following day, however, Gerhardt's reaction was negative, Legal's reaction being still positive. In 'the evening (August 9) both reactions were negative, and so they remained on August 10 and afterwards. On August 12 the child was discharged to her own home. It may be mentioned that a few small purpuric spots (petechie) -were observed, scattered over the trunk and limbs, on readmission (August 6), but these had practically disappeared by August 9, and no fresh ones had appeared. I was not quite satisfied that they were not due to insects. On August 12, just before the child left the hospital, a blood count gave: Red cells 5,000,000, and white cells 7,925 (55 per cent. of which were polymorphonuclear neutrophiles), to the cubic millimetre of blood; hamoglobin, 90 per cent.
The attack in August was obviously much less severe than that in June. On November 22 I heard that the patient since leaving the hospital had had two of her ordinary attacks, each lasting about three days, one in September and the other in October. The specimens of urine passed on November 22 and November 25 (out-patient department) were of specific gravity 1016 to 1017, acid, free from albumin and sugar, and giving negative reactions for acetone and diacetic acid.
For help in the examination of this case I am much indebted to, Dr. H. Schmidt, the Resident Medical Officer.
REMARKS.
It should be noted that in this child in both attacks the vomiting was preceded by a day or two of prodromal symptoms (lassitude and somnolence). The ordinary reactions for acetone and diacetic -acid became positive in the urine after the commencement of the vomiting, and persisted, in spite of the urine being rendered neutral or slightly alkaline by the administration of sodium bicarbonate, till a day or two after the child seemed well again; the reaction for acetone made its appearance slightly before diacetic acid could be detected, and it remained weakly positive for a day or so after the reaction for diacetic acid had been found negative.
Quite apart from the acidosis which has been said to sometimes result from the prolonged therapeutic use of large doses of sodium salicylate,l acetonuria and diaceturia are net very rarely present in diseases (e.g., acute follicular tonsillitis, with suspicion of rheumatic fever) for which salicylates may be given. In this connexion, therefore, I should like to draw attention to the frequent statement that the colour reaction produced by adding perchloride of iron solution to a urine containing salicylate can be at once distinguished from that due to the presence only of diacetic acid (Gerhardt's reaction), that the colour produced in the former case is a bluish-purple, reminding one of the colour of certain grapes and plums and of some kinds of claret, whilst the true colour in the latter case (Gerhardt's reaction for diacetic acid) is the golden-red or brownish-red of slightly tawny port wine and (amongst gem stones) of some garnets. These statements are, however, only partly true, for though, I believe, the bluish-purple colour reaction, characteristic of salicyluric specimens of urine, is never caused by the presence merely of diacetic acid, nevertheless the typical tawny port wine colour reaction, sometimes stated to be a certain sign of the presence of diacetic acid, can always be obtained with the urine of persons under salicylate treatment. In fact, with a salicyluric specimen of urine it depends on the relative quantities of the reagent (perchloride of iron) and of the salicylic contents of the urine whether the tawny port wine colour or the more usual bluish-purple colour is produced.2 A positive Legal's or Rothera's reaction for acetone is of course very valuable when Gerhardt's (perchloride of iron) reaction for diacetic acid is interfered with by some salicylic compound having been employed in the treatment of the case. Cyclic or periodic vomiting in children, of which the present case (P. H.) is an example, was described by Samuel Gee in the first important paper on the subject, in 1882, under the heading "Fitful or Recurrent Vomiting. These articles give references to other literature connected with the subject.
The affection occurs chiefly after the first year of life, between the ages of 2 years and 11 or 12 years (especially between 5 and 8 years), and mnore often in girls than in boys. I hesitate somewhat to accept the history given in the present case (P. H.) of its having commenced immediately after birth, though that is of course possible; Rachford alluded to a case which began at the age of 2 months. Cyclic vomiting with acetonuria may occur in more than one child of the same parents. Burrage saw a brother and sister who were both affected.7 Very interesting is the occurrence of migraine, or so-called " recurrent biliousness," or recurrent " sick headache," in members of the same family; but in the present case (P. H.) there is no family history of migraine, though I at first understood that there was. In the patient herself it would not be surprising if the mental symptoms (drowsiness, &c.) became transformed after puberty (as they have been apparently in some other cases) into recurrent attacks of migraine.
In regard to the nervous manifestations and the family history, obtained in some cases, of neurotic diseases, the condition of cyolic vomiting might be compared not only to recurrent migraine in adults, but to minor forms of cyclic or periodic insanity with mental depression. From the metabolic point of view one is reminded of recurrent so-called " bilious" or " digestive " disorders and likewise of the diseases which A. E. Garrod8 has termed "inborn errors of metabolism," conditions Griffith, Amer. Joitrn. Med. Sci., Philad., 1900, cxx, p. 553. 2 London, 1908. which may have a striking familial distribution. In certain cases of cyclic vomiting in children enlargement of the liver (sometimes jaundice) has been noted in connexion with the attacks. In the present patient (P. H.) pyrexia has not been associated with the attacks whilst she was under observation, but most of her attacks do not last long and she has probably seldom come under medical observation; it was only the exceptional length of the attack in June, 1916, which brought her to the hospital. Pyrexia has been associated with the attacks of cyclic vomiting in various published cases, but the temperature rarely exceeds 1000 F. E. I. Spriggs ' writes: "In determining whether the condition of acidosis (in recurrent vomiting of children) is a primary or secondary one it is important to know whether acetone bodies have been absent from the urine before the symptoms definitely commenced; their presence in the prodromal stage in individual cases might be due to abstinence from food, and will not have the same significance as their absence. J. P. Crozer Griffith recorded absence of acetonuria in the prodromal stage, and Langmead also came to the conclusion that the acetone bodies are secondary in their appearance to the vomiting." In the present case (P. H.), as I have already stated, the reactions for acetone and diacetic acid became positive in the urine after the commencement of the vomiting, and persisted, in spite of the urine being rendered neutral or slightly alkaline by the administration of sodium bioarbonate, till a day or two after the child seemed well again.
The cyclic vomiting and the excess of acetone bodies (in the blood and urine) might be, not dependent the one on the other, but due to some (unknown) toxic or metabolic cause common to both of them. One can imagine the gradual accumulation in the body of some abnormal and toxic metabolic product (the result of an " inborn error of metabolism ") giving rise to recurrent or periodic (cyclic) " explosive attempts, of a conservative natture (from the modern Darwinian teleological point of view), on the part of the organism to rid itself of the accumulation-a kind of vital " geyser-like " reaction of the body, serving the purpose of a safety-valve escape. Such an intermittent mode of vital reaction (by " periodic explosions ") might be regarded as an abnormal inborn peculiarity of certain children, which, at or before the period of puberty, usually gives place to a continuous (adult) method of reaction, though traces may remain during adult life, in the form of recurrent attacks of migraine, recurrent "sick headache," recurrent " bilious vomiting," recurrent periods of mental irritability accompanied by anorexia and various gastro-intestinal troubles, or yet other recurrent symptoms.' It is significant that, though starvation in healthy persons gives rise to a condition of acidosis, some authorities' strongly advise restriction of carbohydrate foods in the diet during the intervals between the attacks of cyclic vomiting in children. Moreover, though alkaline treatment (bicarbonates) is useful during attacks of cyclic vomiting with acidosis, it does not follow that the acidosis is the cause of the cyclic vomniting (and its prodromal somnolence and nervous symptoms).
In this connexion one must of course remember that non-diabetic acetonuria or diaceturia, or both, may be observed in association with many various conditions, especially in childhood. I have recently seen the following cases in which acetone bodies were present in the urine:-
(1) Fatal tuberculous meningitis in a boy (H. D.), aged 6 years. The presence of acetonuria and diaceturia in this case tended to obscure the true nature of the vomiting; which had been the prominent symptom for fourteen days before admission to hospital. The diacetic acid, but not the acetone, disappeared from the urine before the child's death.
(2) A female child (M. B.), aged 1 year, in whom acetonuria and diaceturia were temporarily present after vomiting and diarrhzea, due to gastro-enteritis in June, 1916.
(3) A female child (B. K.), aged 3 years, after vomiting of uncertain causation, possibly an example of " cyclic vomiting," for the mother said that the child had had occasional attacks of vomiting since the age of 3 months. The symptoms soon passed off.
(4) A female child (A. J.), aged 1i years, with a superficial burn on the face and moderate pyrexia. Satisfactory recovery took place.
(5) A girl (M. P.), aged 12 years, with slight Sydenham's chorea, and acute follicular tonsillitis, from which she soon recovered.
(6) A boy (R. P.), aged 5 years, with pneumonia and temporary acetonuria.
He recovered.
The various forms of recurrent troubles in adults allied to migraine and the paroxysmal neuroses do not seem as yet to have been sufficiently differentiated.
(7) A boy (H. D.), aged 5`years, after operation for an appendicular abscess. The acetonuria and diaceturia soon disappeared.
(8) A very bad case of appendicular abscess in a girl (E. R.), aged 5 years, who died three days after operation, probably as the result, partly of septic intoxication, and partly of so-called " late chloroform poisoning." At the necropsy the liver was found to be very fatty, and microscopically it showed much " centro-acinous " parenchymatous degeneration. There was jaundice. I -did not see the patient during life, but was kindly enabled to examine'the urine passed shortly before death; it contained acetone, bilirubin and albumin.
(9) I will mention anQther case, though in an adult. It was that of a woman (B. L.), aged 28 years, in her fourth pregnancy, with hyperemesis gravidarum. The acetonuria and diaceturia and the hyperemesis persisted in spite of treatment until the uterus was artificially emptied. After that operation the acetonuria and diaceturia disappeared within about five days.
(10) In a case of hyperemesis gravidarum, in which no operative interference was necessary, the patient was a primipara (F. B.), aged 27 years; and the acetonuria and diaceturia soon disappeared after the cessation of the vomiting.
In regard to non-diabetic acetonuria and non-diabetic acidosis some recent remarks of Howland and Marriott' may well be quoted here:
" We may in many instances liken the mere presence of acetonuria to fever, for it occurs in most of the infectious diseases of children with much the regularity that fever does." Moderate acidosis, they say, is no more unusual or dangerous than moderate pyrexia. But just as pyrexia may be dangerous in itself, so an excessive production of the acetone bodies in itself may determine a fatal outcome. In regard to the "air-hunger" (" Lufthunger ") of acidosis, they quote L. J.
Henderson2 as calling the carbonates of the blood " the first line of defence," and go on to explain that the dyspncea (of acidosis), better termed "hyperpnoea," or " increased pulmonary ventilation," is an agent of the greatest value in ridding the body of carbon dioxide and thus keeping the reaction within normal limits. Hyperpncea, they remark, is the best of all the evidences of acidosis to be obtained by physical examination alone; hyperpncea may almost be said to be acidosis.
Howland and Marriott, " A Discussion on Acidosis, with Special Reference to that occurring in Diseases of Childreln," Johns Hopkins Hosp. Bull., Balt., 1916, xxvii, pp. 63-69. P. R. Cooper ' has recently described " a case of acute pneumonia in' an adult complicated at the outset by marked acidosis"; and it would be interesting to know if some of the " hyperpnoea" in certain cases of pneumonia, in which only a small proportion of lung tissue is apparently affected, is mainly due to an associated condition of acidosis.
In regard to post-mortem examinations on children suffering from cyclic vomiting (Langmead,2 J. Comby,3 A. E. Russell,4 &c.). I think it must be admitted that the occasional presence of such conditions as appendicitis, hypertrophic stenosis of the pylorus, and degenerative changes in the glands of the stomach, do not throw much light on the true nature and a3tiology of cyclic vomiting. P. R. Cooper, (Oln. Journ., Lond., 1916, xlv, p. 403. I do not, however, find it stated that the patient had not taken a salicylic drug, nor is it mentioned that the urine was tested for acetone as well as for diacetic acid.
DISCUSSION.
Dr. PORTER PARKINSON: The best test for diacetic acid is to pour some urine into two test tubes, then to heat one to boiling point for a couple of minutes to drive off the volatile diacetic acid, then to add a drop of ferric chloride to both tubes. If a claret colour develops in the unboiled urine and not in that which is boiled then diacetic acid is present, but if the colour appears in both urines it is due to some other abnormal substance. Dr. Parkes Weber has not mentioned the acetone smell of the breath, which is often so marked that it can be noticed on entering the room in which the child is. The condition is most usual between the ages of 5 and 12 years: I have rarely had a case before the age of 6 years. Over 50 per cent. of the children admitted into the Queen's Hospital for Children show acetone in the urine from one cause or another, but in the large majority of them it does not seem to produce any ill effects. Dr. Parkes Weber states that fever when present is only slight, but I have seen a case in which on more than one occasion the temperature mounted to 103 F. while the smell of acetone almost pervaded the whole house. An important point lies in the prevention of further attack. I am in the habit of dieting fairly strictly, cutting off most fats but not limiting carbohydrates; and I have noticed that the child often has an instinctive dislike to any fatty food, even to butter. I am in the habit of prescribing a dose of calomel once or twice monthly, and of giving a mixture of rhubarb and soda, mainly for the sake of the latter ingredient, for a fortnight during each month, and by continuing this treatment for many months I think attacks have been prevented.
Dr. LANGMEAD: Too much importance must not be attached to the finding of acetone or even of diacetic acid in the urine of children. I have grown accustomed to think oL the children in whose urine the acetone series of bodies may be found as falling into three groups: (1) Normal children or others who are ill, but showing none of the symptoms usually ascribed to acid-intoxication.
(2) Children with a definite morbid state, side by side with the symptoms and signs of which the "acid-intoxication " syndrome may be detected. Examples furnished by children with diabetes, pneumonia, ur.emia, toxic summer diarrhcea, certain cases of septic throat, and salicylate poisoning. (3) Children exhibiting in a striking manner the "acid-intoxication " syndrome for which no adequate explanation is forthcoming either during life or, in fatal cases, after death, and which is unaccompanied by other known disease. To the last group belongs "cyclical vomiting," but the first and second groups are far larger. Dr. Parkes Weber has referred to my use of the word " secondary." I quite agree with him that in cases of cyclical vomiting, both the vomiting and the " acid-intoxication " symptoms are due to some antecedent condition.
What this condition is and how it is brought about is still undetermined. That it is a form of cumulative toxa3mia culminating in an attack there can be little doubt. I regard the " acid-intoxication " as only part of a more profound disturbance of metabolism, possibly an " inborn error," possibly acquired, but which of the two there is not at present sufficient evidence to say. The profound changes in the liver, which are very characteristic in its post-mortem appearance, certainly suggest that that organ plays an important part; this is supported by the resemblance of the symptoms to those of Eck's fistula. If one supposes the functional efficiency of the liver to be impaired there are at least three ways in which a toxwmia may result-the accumulation of precursors of urea, the imperfect katabolism of fats, and weakened defence against poisons derived from the bowel. Such considerations as these lead me to regard the condition underlying cyclical vomiting as one of great complexity. Dr. Parkes Weber has referred to the difficulty of detecting diacetic acid in the presence of salicylic acid and its derivatives. In the cases of " salicylic acid poisoning" which I described, Dr. Willcox kindly put the presence of diacetic acid in the urine beyond dispute by first extracting it with ether. That would seem to be the only reliable means of proving its presence.
Dr. PARKES WEBER (in reply): In this paper I have not entered into the question of preventive treatment between the attacks of vomiting, but the strict limitation or avoidance of fatty articles of diet (including cod liver oil) is certainly advisable, as well as the prohibition of sweets, &c., between meals, and the avoidance of any overloading of the stomach. An occasional alkaline purge (such as Gregory's powder) would probably be useful. In my present case the attacks were not severe enough to demand or warrant the intravenous injection of a solution of bicarbonate of sodium (sometimes rather difficult to carry out in small children, just as intravenous injections of salvarsan often are), but such injections are of course often tried in cases of diabetic coma or threatening diabetic coma. The occurrence of considerable pyrexia in attacks of cyclie vomiting might be misleading, as many different kinds of pyrexial diseases in children may be accompanied by vomiting and more or less acetonuria and diaceturia. The percentage (50 per cent.) of children showing the presence of acetone bodies in their urine on admission to hospital, as stated by Dr. Porter Parkinson, is certainly a very high estimate, and it suggests that in the hospital in question the proportion of children who were rather severely ill on admission was a relatively high one. I do not feel inclined to limit the term "acidosis" to the grave cases associated with decided hyperpncea. There are many degrees of acidosis, and in mild cases the acetone bodies may be more or less in excess in the urine without there being any threatening symptoms present, such as marked hyperpncea. The clinical test mentioned by Dr. Parkinson, to distinguish diacetic acid in the urine from a salicyluric constituent (by adding perchloride of iron to two specimens of urine, one, a well-boiled specimen, and, two, an unboiled specimen) though doubtless JA-6a often very useful, would unfortunately not reveal the presence of diacetic acid in the urine if a salicyluric constituent were likewise present. I am not'sure whether the administration of glucose during attacks of non-diabetic acetonuria and diaceturia is so likely to be useful as it is when the acetonuria and diaceturia are connected with diabetes mellitus. What Dr. Langmead says about the changes in the liver found in necropsies on fatal cases of cyclic vomiting in children is very interesting, and there can hardly be any doubt that the liver does really play an important role in the production of the clinical syndrome in question; but similar extremely fatty livers are, I believe, not rarely found in children with rickets who die during attacks of bronchopneumonia, &c. I am glad that Dr. Langmead agrees that the vomiting and the acidosis are not dependent the one on the other, but are both probably due to a common cause.
